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diagnosis of urethral lesions.
Methods: Thirteen CT urethrography examinations on 13 male patients were performed with
4-MDCT, over a 15 month duration. These patients were clinically examined and a urethral lesion
was suspected. The study included recently traumatized patients and patients with suspected ure-
thral lesions. The study was performed by retrograde urethral injection or during micturition after
IV contrast injection. 3D-volume rendering (VR) images and VR-multiplanar reconstruction
(MPR) sagittal images and virtual images were done.
Results: Out of the 13 patients, two patients were diagnosed having avulsed prostatic urethra.
Nine patients were diagnosed having urethral strictures: two at the bulbous urethra (one of them
associated with ﬁstulous stricture), ﬁve at the membranous urethra (one of them having associated
hypospadias) and two at the prostatic urethra. Two postoperative patients with hypospadias were
evaluated, one with glans collection and the other with urethral stricture. One patient was diagnosed
having urethral neoplasm.
Conclusion: MDCT urethrography is an accurate method in delineating small lesions, site, length,
degree of strictures and extraluminal structures.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Diagnostic imaging of the urethra to assess male patients with
suspected urethral lesions (e.g., hematuria, suspected urethral
stricture, and neoplasm), continues to be performed using con-
ventional radiography with luminal opaciﬁcation using con-
trast media. However, this technique does not provide
information about periurethral tissue (1).
Imaging modalities such as ultrasonography, CT scan and
magnetic resonance imaging (MRI) can give more information
regarding the periurethral structures. Sonography has a small
250 S.A.Z. Hanna et al.ﬁeld of view, and the technique is operator-dependent; how-
ever, studies have shown a sensitivity of 73.3–100% in detec-
tion of periurethral pathology (2). MRI is not widely used to
examine the urethra because the technique is somewhat com-
plex and expensive.
CT has rarely been used to study the urethra, its usefulness
has been limited to the evaluation of inﬂammatory ﬂuid collec-
tions or the identiﬁcation of gas formed during necrosis or
trauma (3). The development of thin-section transverse images
and high scanning speed of CT have led to the introduction of
promising new techniques for urethral evaluation: CT voiding
urethrography and virtual urethroscopy (1). Recent advances
in MDCT with rapid image acquisition and advanced software
allows the generation of maximum intensity projection (MIP),
multiplanar reconstruction (MPR), 3D volume-rendered (VR)
images in addition to Virtual endoscopy. The urethra can also
be evaluated with 2D transverse images and a soft-tissue win-
dow setting. Also with CT cystourethrography, both static and
dynamic images can be obtained, thus allowing the easier stag-
ing of a post traumatic posterior urethral defects thus aiding in
surgical planning and consequently better management (4). In
this study, we investigated the technique of 4-detector row CT
(4-MDCT) in the detection and evaluation of urethral diseases.
We reviewed some pathological urethral lesions imaged by
MDCT and we compared the CT data to those of urethrogra-
phy that was performed for some patients and to urethroscopy
in others, so as to assess the role of CT scan in these pathologic
lesions.
2. Materials and methods
Thirteen patients were examined within 15 month duration,
using 4-MDCT urethrography after being clinically examined
and a urethral lesion was suspected. This included recently
traumatized patients or others with suspected urethral
stricture.
Three patients were examined by MDCT urethrography by
combined suprapubic catheter injection with retrograde ure-
thral injection of contrast [cases with urethral avulsion, who
were unconscious (n= 2) and a case of post-traumatic bul-
bous stricture with a urethral-subcutaneous sinus/ﬁstulous
tract (n= 1)]. These patients were also examined by conven-
tional retrograde cystourethrography for comparison.
The ten other cases were examined by MDCT voiding
urethrography (2 post hypospadias correction cases, 1 after re-
moval of a urethral neoplasm, 1 case of bulbous stricture, 4
cases of membranous strictures and 2 cases of prostatic
strictures).
Axial images were examined at the workstation then MIP,
VR, curved plane images and virtual image were recon-
structed. The diagnosis was reached and correlated with the
conventional urethrography in 3 patients [avulsion cases
(n= 2) and a case of glans collection following a hypospadias
correction operation (n  1)] and with urethroscopy in 10
patients.
2.1. Technique of examination
Opaciﬁcation of the urinary bladder is achieved by renal excre-
tion of iodine contrast medium administered intravenously,
through infusion into a suprapubic tube or through retrogradeurethral injection. In the cases planned to be injected via an IV
route (n= 10), the patient was instructed to drink water
60 min prior to the examination to distend the urinary bladder
rapidly, and 30–50 ml of IV non-ionic contrast were adminis-
tered 30 min before scanning. If the patient had a suprapubic
tube or Foley urethral catheter (n= 3), 300–400 ml of diluted
water-soluble non-ionic contrast medium was directly infused
via the catheter. The non-ionic contrast medium used in all
methods of contrast administration was omnipaque or ultra-
vist (300 mg I/ml). CT was performed when the patient
expressed a strong desire to void.
Patients wore urinary bags over their penis to collect urine
and avoid contaminating the CT machine. The technique was
performed with the patients in supine position in 12 patients.
Only in one patient, the technique was performed in prone po-
sition as the patient was not able to micturate in the supine
position.
2.2. Image acquisition
The CT antero-posterior topogram was taken for slice selec-
tion that can also be used as a pelvic radiogram. Afterward
the patient was asked to start voiding and to announce by rais-
ing his hand to start scanning and image acquisition using thin
sections. In others who could not void, images were obtained
while retrograde contrast injection through the external ure-
thral meatus was performed after opaciﬁcation of the urinary
bladder (the injection was done either by a drip or by an apron
protected radiologist).
Parameters: All serial thin-section images of the lower uri-
nary tract were obtained using a 4-MDCT scanner (GE Light
Speed). Scanning parameters included a 0.5-s gantry rotation
speed, high-quality scanning mode (large FOV, 1.25 mm colli-
mation · 4-detector array, 512 · 512 matrix, 220 mA, and
120 kVp), intervals of 1 mm. Data acquisition was done in
the cranio-caudal direction and resulted in about 200 trans-
verse images for each scan. Immediately after the CT data were
obtained, they were transferred to the attached workstation
(SUN 3D CREATOR, Advantage Windows) for post-
processing.
2.3. Image evaluation
The transverse thin sections were transferred to a workstation
with software that allows generation of MIP, MPR, and 3D
VR techniques. The thickness of the reconstructed images
was 1.2 mm. The urethra was evaluated with 2D transverse
images and a soft-tissue window setting.
MIP and VR techniques in addition to virtual urethroscopy
were performed. For virtual urethroscopy, the attenuation
coefﬁcient range for voxel categorization to the contrast mate-
rial in the urethra was adjusted until the normal mucosal sur-
face appeared smooth and no noise was seen in the lumen.
Intraluminal navigation from the urinary bladder to the ure-
thra was performed. Interactive standard axial, sagittal, and
coronal reference images were obtained automatically during
navigation.
The vessel-analysis tool of CT angiography was also used
for assessment of the urethra. The vessel navigator displayed
a longitudinal cut along the center line of the urethra, with
multiplanar reference images along the curve of the urethra.
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The study included 13 male patients (age range 13–48
years, with a mean age of 30.7 years), with suspected urethral
pathology.
Two patients were diagnosed with avulsed urethra at the
prostatic segment. Eight patients were diagnosed with urethral
strictures (bulbous urethra n= 2 (Fig. 1), one of them associ-
ated with ﬁstulous communication with the anterior abdominal
wall; membranous urethra n= 4 (Fig. 2), one of them had a
stricture developing after corrected hypospadias (Fig. 3) and
prostatic urethra n= 2). Two postoperative patients with
hypospadias were evaluated, one with glans collection
(Fig. 4). One patient was diagnosed with a recurrent urethral
neoplasm.
The time required for the CT urethrography scanning and
post-processing was about 20 min and it depended on how
soon patients began to void in those studied by micturating
cystourethrography. The time required for interpretation of
the CT urethrographic data was about 10 min. We could not
really compare the images taken in the supine and prone posi-
tions as only one patient was examined in the prone position,
however, no differences were seen in that case. Images on CT
voiding urethrography were of excellent quality, with adequate
contrast ﬁlling of both the anterior and the posterior urethra in
all patients. The ﬁnal diagnosis was based on CT voiding
urethrography compared to retrograde urethrography (n=
3) and cysto-urethroscopy (n= 10).
The following is a table of all the cases encountered in this
study with the details of their examination:Case no. Method of injection Imaging technique Final diagnosis
1 IV injection Micturating CT urethrography Urethral neoplasm
2 Retrograde injection Retrograde CT urethrography Urethral avulsion
3 Retrograde injection Retrograde CT urethrography Urethral avulsion
4 IV injection Retrograde CT urethrography Strictured membranous urethra
5 Retrograde injection Micturating CT urethrography Strictured bulbous urethra
6 IV injection Micturating CT urethrography Strictured penile urethra
7 Retrograde injection Retrograde CT urethrography Strictured prostatic urethra
8 IV injection Micturating CT urethrography Strictured membranous urethra
9 IV injection Micturating CT urethrography Strictured membranous and prostatic urethra
10 IV injection Micturating CT urethrography Strictured membranous urethra
11 IV injection Micturating CT urethrography Post correction hypospadias
12 IV injection Micturating CT urethrography Post correction hypospadias with collection
13 Retrograde injection Retrograde CT urethrography Abdominal wall sinus + stricture bulbous urethra4. Discussion
Imaging plays a pivotal role in diagnosis of urethral injuries
(5). CT urethrography is an advanced technique to conven-
tional VCUG in which the entire urethra can be imaged in
about half an hour with better quality of the reformatted
images. High-speed 4-MDCT can scan the entire urethra and
urinary bladder in 10 sec, which usually requires about
400 ml of contrast to be opaciﬁed.
Complete evaluation of the entire urinary tract, kidney to
urethra, can easily be made, because CT easily depicts the high
attenuation produced by contrast material, as diluted contrastmaterial is better appreciated on CT images than on conven-
tional urethrograms.
It is essential to be familiar with the computed tomographic
(CT) ﬁndings that can be helpful in predicting the presence of a
possible urethral injury, especially in view of the widespread
use of CT as the frontline imaging modality for an acutely
traumatized patient (6–8).
Retrograde urethrography is not a physiologic examina-
tion, however, used as a standard practice for assessment of
male urethra because of the belief that only it produces sufﬁ-
cient distention. Contrast material often is injected under pres-
sure to overcome the resistance of a stricture. Rapid and
forceful injection of the contrast medium in retrograde ureth-
rography may lead to rupture of the mucosal barrier and
intravasation of the contrast material into the systemic circula-
tion, with occasional resultant systemic complications such as
sepsis and anaphylaxis. Reﬂex contraction of the pelvic muscle
because of forceful injection of the contrast material may lead
to a false-positive diagnosis of stricture (9). However, despite
these facts, retrograde urethrography still remains the best
imaging technique to evaluation anterior urethral strictures.
Since retrograde urethrography cannot be tolerated by
some patients, urethral imaging with CT voiding urethrogra-
phy and virtual endoscopy can reduce organ injury and patient
inconvenience.
Patients should be interviewed before the examination to
evaluate their acceptance and to exclude any difﬁculty in void-
ing. Good communication between patients and CT technolo-
gists during the examination also is necessary, in order to
follow their instructions during the procedure (1).In the current study, two patients having hypospadias were
evaluated. One of them was having an additional membranous
stricture which was clearly demonstrated by MIP images, the
opening of the hypospadias was imaged by CT virtual
urethroscopy.
The other patient suffering from a post operative glans
collection was accurately diagnosed by CT showing its high
attenuation value. It was proved to be a collection of pus
upon aspiration and was surgically evacuated. In this type
of anomaly, CT urethrography has the advantage in accu-
rate calculation of the caliber of the reconstructed glans
opening.
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large irregular circumferential soft tissue mass extending along
the posterior and a part of the anterior urethra with subse-
quent narrowing of the urethral lumen, the diagnosis was in
favor of malignancy and proved to be a urethral neoplasm,
upon pathological evaluation. The extent of this soft tissue
mass could not be properly evaluated by conventional
urethrography.
Out of 9 traumatized patients encountered in this study, 7
patients had strictures: four at the membranous urethra, one
at the bulbous urethra associated with a ﬁstulous tract and
two at the prostatic urethra. The remaining two patients had
avulsed urethrae. The avulsion was at the prostatic urethra
(Type II urethral injury according to Goldman et al classiﬁca-
tion system) (10). In cases of avulsed urethrae, the study was
done by injection of contrast material via a suprapubic route
as well as retrograde injection via the urethra, to accurately
demonstrate the length and extent of the avulsed segment.
MDCT was helpful in accurate diagnosis of the site of avul-
sion, pelvic fractures as well as the possibility of presence of
pelvic hematomas and fat plane abnormalities.
The advantages of MDCT urethrography include: a) The
patient’s position is not critical with MDCT examination com-
pared to the conventional urethrography, patients with com-
plex pelvic fractures do not need to change positions. Thus
MDCT voiding urethrography improved patient compliance.Figure 1 A 30 year old patient with difﬁcult micturition and hem
urethrography showing a stricture within the bulbous urethra. MSCT
urethral length MIP (b) and VR (c) showing a 1 cm stricture within
caliber between different urethral segments, making the stricture obvio
(e) MIP images with lateral projection of the urethra showing the b
density, that represents surgically proven dense periurethral ﬁbrosis.b) Lesions that might be obscured by bone structures, contrast
media or instruments can be avoided with the use of axial and
multiplanar images. In the current study, the full extent of the
urethra could be shown on transverse CT images. c) Variations
in patient positioning and penile traction during imaging can
greatly alter the radiographic appearance of the urethra and
strictures (11). In CT urethrography patients are required to
lie down in a single position for few minutes. Prone position
with pillows below the abdomen was done in the current study
with one patient, who was unable to start voiding in the supine
position, to increase intra-abdominal pressure and enhance the
force of micturition. A supine scanning position was preferred
for patients with multiple pelvic fractures. The scan processes
or imaging quality in our study were the same whether patients
were prone or supine. No oblique positions were done, which
was beneﬁcial in patients with multiple pelvic fractures who
showed discomfort in the oblique position which is usually
needed for conventional radiography. d) CT voiding urethrog-
raphy is accurate with computer-aided tools for urethral mea-
surement. The vessel view is longitudinal along the curve of the
urethra and accurately measures stricture length, distance from
the urethral meatus, and luminal area. Exact comparison of
the luminal size and stricture length on clinical follow-up is
possible.
However, MDCT urethrography has some limitations
including: (a) CT voiding urethrography requires patientaturia, several months following urethral injury. (a) Retrograde
voiding urethrography curved planar reformation of the whole
the bulbous urethra. (d) Vessel analysis showing the difference in
us. In addition giving the exact urethral caliber at site of stricture.
ulbous urethral stricture in addition to a peri-urethral soft tissue
Figure 2 Male patient, 37 years old with difﬁcult micturition following a history of old urinary tract infection. (a) MSCT voiding
urethrography images showing a membranous stricture with ﬁlling of the utricle, (b) VR posterior projection showing the stricture and
distended utricle. (c) Vessel analysis showing the caliber of the stricture measuring 2.2 mm. (d) MIP images showing an 11 mm stricture
length. (e) VR showing reﬂux of urine into the left lower ureteric segment.
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tant role in the evaluation of clinically stable patients. Thetechnique should not be used on patients with acute cata-
strophic trauma or acute pelvic fracture unless they already
Figure 3 18 years old patient with surgically treated hypospadias developing frequent hematuria and difﬁcult micturition. (a)
Retrograde urethrography showing tight short membranous stricture with dilated prostatic urethra above. Micturating MSCT
urethrography MIP (b) and VR images (c) showing tight short membranous stricture with dilated prostatic urethra above. In addition to
narrowing of urethral openings, the native opening and the other reconstructed one. MIP (d) and virtual images (e) showing the patent
average calibered newly reconstructed urethral opening and the residual old native one that seems to be obliterated.
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tients with extensive pelvic fractures could be examined by CT
voiding cystourethrography, whereas the rest of the trauma
patients were examined by combined retrograde urethral injec-
tion and suprapubic bladder injection and scanning of the ure-
thra during injection. (b) The technical limitations are the same
for CT voiding urethrography as for VCUG. Effective ante-
grade imaging may be impossible in patients with complete
urethral disruption and severe posttraumatic urethral stricture
(12). This was overcome in the current study by the use of
combined suprapubic and retrograde injections to have a full
view of the bladder and urethra as well as the disrupted seg-
ment.(c) Some patients are psychologically inhibited from mic-
turating because of the required investigational procedures and
surroundings. Simple VCUG cannot provide pressure as great
as that provided by retrograde urethrography, and some ure-
thral abnormalities can be missed with CT voiding urethrogra-
phy. The combination of retrograde urethrography and CT
voiding urethrography may help radiologists avoid potential
pitfalls (1). (d) A theoretic concern with MDCT voiding ureth-
rography, in comparison with VCUG, is the possibility that
patients will receive more radiation. The dose from MDCT
can be estimated from the dose-length product, a measurement
of radiation exposure that takes into account the volume of
irradiation (13). In our study, the effective dose of radiation
from CT voiding urethrography for an average man was
approximately 6.5 mSv. When VCUG is used for a child of5-10 years old, the effective radiation dose should be reduced
to about 1.6 mSv (14). As experience with CT voiding ureth-
rography increases, it may become possible to reduce the radi-
ation dose by adjusting CT parameters, as is done in low-dose
CT colonography.
CT Virtual urethroscopy allows data from more than 200
slices of CT images to be compressed into one interactive data-
set that can be easily interpreted by urologists who are not
familiar with transverse images in association with multidirec-
tional viewing and can be recorded as cine ﬁles (15).
In one case, the patient had a stricture in the penile urethra
with surrounding dense periurethral tissues (likely representing
ﬁbrosis) which was detected in the MIP images. This ﬁnding
was not detected in conventional urethrography which only re-
vealed the presence of the stricture. These data were important
in guiding the method of treatment of the stricture as it will not
only require dilatation as there will still be an extra-luminal
pathology.
In conclusion, CT voiding urethrography in combination
with CT retrograde urethrography and virtual urethroscopy
produces accurate measurement of lesions, without magniﬁca-
tion or distortion. The production of both axial and 3D images
of urinary tract abnormalities depict extraluminal anatomic
landmarks, with good patient compliance; and enables us to
survey the whole urinary tract, from the kidney to the urethra.
However, a large study of various urethral diseases is needed
to determine the clinical value of CT urethrography.
Figure 4 A 25 year old man with history of hypospadias that
was surgically corrected and followed by tender glans swelling,
dysuria and attacks of mild hematuria. MSCT voiding urethrog-
raphy revealed a glans ﬂuid collection that encroaches upon the
anterior segment of the penile urethra splaying it over its surface,
attenuating its caliber. It measures 3 · 2 cm with hypodense
internal ﬂuid content. Needle aspiration revealed pus.
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